
LA-lJR ‘87-1~38

T.TLE
IMPROVING PRODUCTIVITY WITH A CCC TOOL KIT

Gag Can. L4FJSCE

LA-uR--87-1038

DE87 007507

To be prc.cllicd aiid publlshcd m pmcccdlng~ ai lhc
Sprig hlcc[,li~ rif Snfmnl Users Grotip
M3rcll W-? I !YR7 SmIm Darblra Callforn-.l

[)1X LAMER

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



IMPROVING PRODUCTIVITY WITH A CCC TOOL KIT

Gay con
Los Alarms NaticmfdLabcnmory
Los Alarms, ~Cw hfC?aCO 875~

Introducuon

In the years since m muodwmon. t% CCC configuration management environment has
csrabhshcd itself M the premiere CM product for projects of all sizes. The functimmhty and
flcxibdity offered by this system can be cmplo}-cd to provide automated support for essentially
every facet of a program of software [or hardware] umfigurmion managuncnt. and, as a
bonus. can streamline may software development activmcs. The large numlxx of CCC-based
CM/supporr/development cnvuonmcn@10 which have already been developed for numao Is
dlvcrse apphcanons hr sdcnt wmmss cothe effectiveness and adaprabihty of the CCC
product.

ILmust be cmphasmcti. however, that [he bare CCC produc[ does not conmtute a standalone.
automated. turn-key configurauon management sys~cm.bumsimply provides a secure
cnvmonrncm arid a comprehensive set of low-level tools frutnwhich such a sys[cm carI be
budt. Indeed. he CCC macro language prwdcs high-level structured consrruc[s as well us
access to all of the advanced facihties of the CCC environment, ticAty to suppon conwrucuon
of automami CM systems which arc highly tailored to the implementing organizanon”s
rcquircrncms. Consequently. most of the CCC a lications which arc rcponcd m the htcrmure

Parc hi&hlycusmrmzed systems which arc special y dcsignai and implemented to accornodmc rm
orgrmmtunn-s development and CM environment.

Alrlmgh custommd CCC apphcauons arc of general interest from M perspective of gcncr,ll
funcuonnhty as well as philo.so hy and smuegy of CCC urihzation, they arc also highly

Fspcc.ahzed to address the spca ]Cenvmmmcnc of [he organization for which they me
developed Consequently. systems such m these arc of htde pracucal benefit COother
orgunwatlons for whl:h IOCoperational cnwronmcnt mky k considerably chffcrcm IrI
idih~n. lmgc cus’om”zcd upphciI.Ions Jre often wrmcn m a manner which mnkcs [hem
dlfiicult to nwthfy. thereby p!escntmg slgruficant rnmntenancc dfflcultms as the iIpplKxmorI
cnwcmment eb-elves

TIIls paper prescms a swatcgy fcr dcvclopmg CCC ap hcaticms based around a kernel of
fsmall. modular. and cohewc unhty macros Such uti ines can be employed as budding block<

from which a larger, customlzco dpphvatmn car, be constructed Tins approach emphaslzc~ the
Idcnuflcauon of low-level actwmes mu!opctations which arc fundamental to the applicnuon tind
packages them as reusable software com nents. This reliance on reusability ~romote>

rdqtns whdl arc conceptually wmplcr. ntroduces a level of umfortmty and consistency W-IIK-11
facdmtes mamtemmcc activmcs. nnd can make slgnificartt contnbutmm to rcducmg the L-ncrid1
SIZCof the tinnl CCC apphcmmn. In addmon. NMoften the ca.scthat an apphcntmn w-hlchIs
Implemented us iIhlcriirchy of small rnudulcs can make mu~h mom cffmmvc me of CCC
fcimwcs (e R Index dim structures] than can n system which ISmwmhthmdly mlplcmcnlcd



rhe ut.ihty macros themselves will txansfer easdy betwcn environments and pmJ=& thereby
providing a solid foundanon around which suhsequcnt applications may lx budt.

Hms and Guidehnes for Developing LJtilityMacros

For a uuhty macro to be effarwe with a larger applicauom u must exhibn two general
qual:tiss- reusabduy and unifortmy. consequently, the hints and guidelines identified m the
following paragraphs are chosen to enhnnce these features. Rcusabiht-f. of course, is the
ulnmace goal Gf the unlity macro designer. The degree of reusabihty of of a utility tmmo is
detemincd primarily by modularity and cohesiveness Issues although uniform and
comprehenswe risers doeumenumon can also conrnbute slgnflcamly. Uniformity issues
generally affect the o~erull maintainabhy of a stme of utihty macros and are therefore cmcml m
the oven]] robustness of the system.

Design for reusability. Probably the most importam aspect of dewgning a CCC
apphcarion 1sto design for reusabdity. This strategy encourages the dewgner(sj to Identify
potential unh!y applicarmns at the earliest srage~of the apphcarion design. and to make a
~On~ie~LIOus effOtKto exploit their rcusabdity ar every sultab:e Oppom.mity ~is approach
guarantees that your utditlcs w-allconsr.me a comisrenrserof highly funcuonal umts rather [ban
a cokctlon of haphazardly implemented contrivances

Ensure coht-si%enes The most effwive utilny macros me those that perform a smglc.
wejl defined. function. rather than a collecuon of logically unrclakd or dlsyint aeuons
Because of trci.r slmpltclty, cohcswe macros are conceptually easier to design, as well as
wgmficantly easier co~estand debug. Generally. a macro which exlmbns a high level of
cohesion wdl be useful inn wider variety of situations than will a less cohesive counterpart
.%idmomlly. n coheswe macro Mmuch less hkely CObe affected by changes in Ihe apphcn:im
env,ranme,i[ [hdn 1sa more compk, ]CSScoheswe lmplementallon.

Eliminate gli)bttl references Global references comphcate macro interfaces and generdl}-
redme foe robusmess of your apphcations. Never use global references to commumcnre
Caucen macrm. use mamo pammems mstcad. This approach improves the undersut,ndabdny
Andm]ldbl]l[~of your mwos and kstcrs a ]ewl of generality that makes your utdmes fnr enmer
to reuse Also. restnc[ the :Kopeof internal \nriribIes and temporatytews so that [hey arc nor
WISIUICoutside dtc utdl~y memo In .sodoing. you ehminate the poss:bdny of problems w-l[h
unexpected side ef%m

Pro%ldeadequate documentation. Regardless of the cohesiveness and modularity
anrh,ttm of a utduy macm. if NMImpossible to detennme what NIs supposed to do iuxkr
how to wetfaec to it. no one W use it. ln addnion. If tnamtenancc-level docutnenmuon 1=
missmg or madcquate. u 1surthkely that the macro WN be updmd as requuements or the
opernuonal environment chartpe Docutrmtation IS articularly imptmnt m the CCC

fenw.ronment beamc of the extreme complexity of lc CCC macro Ianquagc. This high ]evcl
of complcxny can make even a short mncro +ery dlfficulr !Ounderstand from the source code
,Ikmc h IStheief. rc mcommcndcd thm IWOlevels of mhnc documcrmmon be prrwdcd for
every mncro uniform. comprehensive U:wrs-documentation and detaikd nnncmmon of the
soumc code. U.sms documenumon ISmost cffoctwe U-hichis prcsem at the ~~mnmg of the
macro. It shodd provide a bmcf statement of the ptu ,wse of the macro. a dc.smpnon of the
parameters (inputs md outputs], a M of assumptions and hmmttmns which constrain the
ripphcablhty or

r
ratioral enwronment of the macro and an example of how the mncro is

mvokcd ~~stn ard mm lnte may be employed to gwratwe the umfornw[y nnd complctcne~x
of this documentauon J’ am[cmm-c dcxumentntmn should he mtcrspmed thrnughnut [hc
source code nnd should dcwmbe Imnl wmwhlcsas well rs ~he~iil mm ~periitloll~ lwng



performed. Nfamtcnance docurnentar;”~ should be included at least e~-ery three m fit-e Ilnes--
more often If extremely complex opanons such as mulnple level symbol subsmut.mns arc
being performed.

L1sea consistent style. The general level of readab]llty of your macros contributes
significantly to their ulnrnate success or fadure. Apphcauon of simple style rules will decreaw
the Mel of effort rquired to read and understand rncse mtiules. thereby makmg them easier
to reuse and ma.mta.rn. Define a slmpl: -et of standmk for cochng and docurnencatmn st}-le.
Employ meaningful names throughout and be conmtent between macros. In particular. use
s}mbohc narms for parameters tather r.han tic less meanmgful &1. &2. erc. Eshblish rules ft’”
using upper and lower case w]thin y-our macros. Dmde on an indentmon scheme for
stnrcturcd comruc~ and suck with II. Partinon yo~r ma~~os mto loglcal units Whlc} segrega[:
vanablc d~]wa[l~rij. lninallzations. and cleanup o~tancms from the funcncmal po,mons of k
macro Ensuring umforrmty- through [he use of the’e and orhcr simple slyle convennens IS ~ii
lmes[ment m chc ]ongewty. robustness and frvmdlmcss of your unl Ity software

A Typ]cal Unlmy hfacro Tool Se[

Nlany criteria crest for de[ermming the contents of }our macro tool klt Expcrl:nce mdlcmes.
however, that satisfaction of eirher of me followlng two condmons 1: generally suificlent to
bcstow utility status Ilpon a macro- (a) the macro has a wide audience of users any of uhom
udl make occasional use of it. and (b) the macro has a rmrictcd a~dience but is lnvckcd
frqucndy therm. The fnt-rtwr case usually corresponds to a macro w-hich extends the overall
functionahty of r-heCCC envr.ronment and therefore accrues a large numhr of potennal i sers
The second class of macro often Cotls[itutes a set of automated proccdu.ms employed by o
pamcular class of users (e g data base acim]nisrrators or software mz Iagcrs ] to pcri-mn
repea[cdly a parncular mmntenance hmcnon

The follow mg paragraphs descnbc the funcnonallty of selected utd]ty macros -:.hich ha~ c been
Implernemcd by [he author. These macros have been chostn m demonstrate the u idc v~lety ci
appllcanons u hlch can be addressed b> a suite of small. Indepcr!den[ MIIIWS Included among
[hcse emmple.s are LnlItIcs of each general class

W’nh]n r.hec]as~ of macms which emend the ovctall funcuonahty of [he CCC em mmment are
[he following uull~lcs. SIMPORT nnd SE.XPORT to provide Pouetiul, synta~-d]rected
Impor[ and expcm funcuons, EDIT_HOST a slm Ic. et tlewblc. ~[.!,ty uhlch pcnm[s CC(:-

Hresdcnt fex[s to k cchtcd with a host edl[or, lNI- IA E_LOC IN w-hlch :utomar. ‘ally
exccutcs a hierarchy of user- and manager-defined login [eAt! at tile urnc at whrch a user logs
lr]tcrCCC, and BATCH. a utdlty u-hich permits CCC macrcs m lx execut~d in tmt[h mmle
from w]thin CCC. Wltim the class of macros which au[orrmtc rrm]n[cricnce acnt Ines nrc
AUTIIORIZE_[JSER. a uull[y which automates [he process of user wl[hcmzanon U~.L:ll J<
[rum nnd access con[rol definition. rind ENABLE_DSM. n mncro w-h]ch s’lppon~ [be
suucmred mir,n[cnnrwe cf the dam snwcwrc macros w-hich conp,se ri CCC JpplIi,IIILW

Onc of [he nmxr common operatlom pcrfmmed chmng any CCC sc~mn mvnl~cs rhc lrlll~,~ ~ r

expofi of modulc~ Mwccn the ho-~ file sy~[em and m~ CCC dim ha-w Of[cn If It nc:cswry ft~
mov~ large colkcuom of mdule~ with a smglc wlldcardcd IMPORT or EXPORT um.mimd
Llnfomnately, Ihe%cCCC commands do not suppon n very Sophls[lcamt algLmIt-ml for
mterprcnng wllckardcd spcaficatmns w cxccpr m the sImplcsI of cases, the opcrtt[lon rmy f 11-
wnh a run-nrnc cmor Consider. for example. an cx~ operatmn whl~h seeks COmcw all
CCC [CX[Swhich sansfy [he valdcard spmficnnon “/PAS fron~ the current diim >n-m[Ilrc m Ihc
VNIS durctcvy [ DESTINATIONI In t.rdcr [o pcrfrum [his oper,lrmn .hc fdlowlrg C( (“
commnnd nugh! k mcd



EXPORT FROM= -/PAS TO=[.DESTINATION] ”.* OPTION=READ

Shortly after excam.ng dns command. however. the user is notified by the CCC run nme
system that the desunation spxi.fkarion cannot be mterprctcd and the cornmznd abms.
Indeed. the only way to succeed in ths endeavor is to issue the command:

EXPORT FROM==mAS TO=--- CJPTION=READ

and to ensure that [.DESllNATIONl K the default 1’1-1Sckctmy (~e rhe WIS cbrectcg-
from which you logged mto CCC] The IMP(3RT command exhibits slmdar problems m
interprcung complex wildca.rd spcmficatmns. Ncediess to say, d-m feature cin make mo~ lng
large numbers of modules txwecn the host file system and the CCC data base an ewrcmcly
tcchous operaricm which reqt.mes mulrmle login/logout sequences

The synmxdwcctcd lmporc and expcm unhty macros SIMPORT~SM and
SEXPORTDSM cctnta.m che ne-cessar; ii~telligence rcspccw.wly to export CCC texts [o a
nondcfault VMS d.irccto~, or to ]mpm I,ks from a nondefault directoty. Using SEXPORT
the above opcmion is performed as tcdlous-

SEXPORT “/PAS [.12ESTINATIONj READ

SEXPORT causes all CCC texts whicn match the specification provided in the tirsc pammew
to lx exported to k VMS directory speclflcd in tht second ararnctcr. The dwmauon

1!dirccto~ spcafication may optionally include a dew.x Spx- Icatmn (e g
DLrAO:[CORT.DSMS]): k unlity macro automatica.il) validates dw existence of che
destinauon and checks for user access hereto. Now [hat SEXPORT forces the names awl
extensions of tie ex ormd files to lx idenuctd to the’r CCC-rcsldent counterpane.

I!Additionally, the S XPORT interface IS spe.aficd 1.1a manner which Mconsistent uIth uIe
EXPORT cornrnand. chcreby enhancing umfom.,lty and simphfying human lnteracnons.
SEXPORT therefore provides the functlonalit, ne-cesstuy to extend the existing CCC
EXPORT command to praess the more general case for which a nondefault VMS d,rector>
spmficanon is provldcd as the expon destl,latlon.

Smular functionality is prowdcd for the SIMPORT utihry. A typcal invocauon of [h]s macro
i> shown blow.

SIhlPORT USER _DISK:[.DESTINATION]- FOR CCCSYSTEM CONFIG NEW’ NO

where the firsr paramtter specdles Lhe VhfS files to be lmpcmed. LIEsecond parameter mdic~[e~
the CCC data suucturc which 1s che dcsnnarion, tie rhmclparameter is the import op[lon and We
last parameter bypasses rompung Simdar assumptions to above arc made ccmcemmg file
names and exlenslom k cc aga.m. the Interface M defined to be ccmslstcnt with the CCC
IMPORT command As such. [he SIMPORT and SEXPORT uulmes provide a Ioglcally
comsrcnt set of commands which extend the capabdlrics of tie corrcspcmclmg natwe CCC
commands

EDIT-HOST/DSM ISa utlh[y macro application which pcmmts a CCC u.scr to cdN a CCC-
rcsldent text widl a hos, opcratm

f!);
s swrn ulnor without rhe ncccsslry of rfonmng exphclt

impcm and cxpn operations E 1 rHOST accepts ~hespcdicnuon o chcCCC text m lx
cchrcdas Its cmly pmunctcr, autornau~liy cqxm tic text m the host opcmung system and
sums an mtcracwc HOST cdmng scsswn using a pmsclccwd host cch[or. In chc cvcm thilt the
tcx[ [O lx cdmcl does not -CCcxlst wlthln CCC. lt M nummmlcally crcatcd A[ the cor,clumll of
[Ilc ~III~g ~cs~l~nmED r-i_lIOST automu~mdly rmmprm the rdlmd re~t. updn[c< ~hc



appropriate change auchung mformauon. and dele~es the host-resident version of tie edited
text.

Tlus urility is an example of an extremely simple apphcarion w-hich prol-ides enormous
functimm.hry m the user communiry It allous ordinary users to employ powerful and familiar
host resident screer,-onenwd edtors m their daily wcrk mrher than hing forced to u= the CCC
I.Inceditor. The mccrfac-eeffeahdy hldcs r-heintermediate i.nqmn, export and file dele[ion
operations. thereby simplifying human interactions. A simple enhancement WII1pemut a user
to s@.f:? tie editor of choice rwher tian use tie presc:ected editor qxcnflcd by
EDIT_HOST.

The BATCH~SM unhty macro M an example of a more complex apphcanon which
significantly inm~s the flexibdlty of tie CCC environment. Tim utihry permits a user to
mmiate the batch exccuuon of a CCC macm from within a CCC semen. Recall rhat che
unenhanced CCC environment supports two methmis for accessing host operating system
batch queues. The fwst mode uu.hzes the CCCBATCH facility [o execute CCC macros in batch
mcde. However, rhis facilny can only be revoked from the host operating system- it IS
inaccessible from wthm a CCC session. The second mode employs the HOST facihry to
mltiatc a batch job from wir.hin a CCC sessmn In this case. however. r-hebm.h lob mmt
consist of a best command file (e g. a collecnon of DCL commands Jrather [ban a CCC macro
As such. the means for executing a CCC mxcro in batch mode from a CCC sessmn dcxx not
el(ls[.

The B.\TCH UCIIIVwas lmplernented to address IIMSdeficiency. It accepts as a parmneter dw
name of the CCC [em to be exccumd m batch mode and us the CCC HOST AUTOhfATIC
command m conjuncnon with CCCBATCH to submit the job directly from the CCC sessicm.
Or.ner parameters prcmded [o the utihty specify he data base in which the batch micro zhall
execute, aswellas the host batch queue to which the job is submirted. Standard defaults are
specifhx! within the unht} so chat If tie data base pmuncter K ommed. thejob executes wuni[;
the data base from u-hlch N 1ssubmm.cl. Ancxher default is defined [o handle the case m whlc~
[he batch queue M ommed from tie parameter hsr.

‘Ills mllty prowdes a range of options and lebel of convemencc to the ordinary user ttnt can
signlficanrly sueamhne a CCC session. Long, noncnfical ]o~ can esslly be procc=- -d m
background mule without und~e m~ermpuons m the mteracnve sesmm. It ako m~:< feasible
an enm-c range of more exvmc appkations. e g the BATCH uulity pro~-ides a 1labi~
mechamsm for commumcaung !mwcen data bases.

The last of tie globally useful urdlries to be cbscusscd m this monograph ISa simple system for
mplerncntmg a VMS-bke login facihcy. One of the very useful fc.arces of the VMS opcra~ing
sycmm is tie capabihry to execute au~ornancally a hierarchy of ‘“logm-”files at ~G nme that a
user legs intr the system. lhs faci!ny generally exccures u $1oM lo~n file (prowded by
5) stem management personnel) first. follcwcd by the cxccuaon of a !.xa.lly-defined file The
Iogl,l files are used [Odefine enmies which are genmdly useful dwoughcwt the user session
TM global file Is uwally employed to make sy~::m-wide definirlons. w-herca< the IOCJIfile lS
rmplc@ fu~her to customize chc user enwmnment.

The CCC cnvuonmenr can benefi: slgnificmdy %rn a slmdar facdlty Indeed. because u
typical CCC u.scr may k si.dmnchna[e to many levels of maria ers. a faclhty which suppol [S .W
extmdcd hmarchy of Iogm texts 1s probably ap

T
fnate. Un ormnmely. the CCCs s[em 1s

confi red 10 ~rrmt only cmc Iewl ‘~fIogm text m
E

$executed. The Iogm texr. in a dluon.
r-rust hxamd wlchm tic user”$ lo~m data suucture. thereby vmmlly cl~mmatlng the
femiblllty of pmvldmg manager dctimtions Lhmmn



In order m remedy d-m slruauo~. the author has Implemented unhry macmos to define a lmal
LOGIN facduy which automatically exezutes a hmmrchy [of \irtually unllruted depth} of
manager- and uwr-supphed Iogm tem.s at user Iogin mm. Each text resides with the xope of
tie defining user or manager, and outside the scope of my subordinates. Consequently. each
user or mmager can configure them particular login text in a srraightforw arc! manner u nhcut
encroaching cm anyone else.s domain. Each login text ]s gi}rm rhe standti name
LOGIN~Shl and rewlcs m ~he logM dm.a su-ucrure of the defining user or manager.

The uuhty macro START_LOGIN_SEQLrENCE~SNl lS ph}-sically copied into tie login
dma srrucmre of eacn user who is autimnzed to access the CCC data base. The
SETENVIRONhlENT command is employed to set tic Iogm rn.mn for each user to dus DSNI
AS such, qmn lrutiatmg a CCC login sequence. the users lcd
STAR r LOGIY SEQLiENCE lS wmmancali) c~ec~[ed. TIM recursive data structure
mm-o. w~lch 1s l~nucal for each user. automaucally searches for all LOG IWDSNI macros
which arc present in the users loan data structure m well as m any superirdmate data
wriictures. It d-m automatically executes [he l-arious L@GIN/T)SMs m order of decreasing
scope. In [his manner. any LOGIN/DSM macio which is resident at the DBA level 1s
executed first. followed m order by LOCLNIDSPIs at the SYSTEM. CONFIGLTRATION
and succemve NIODLiLE l:vels ending mlth execumm of the LOGIN/DSNl w-h:ch res.des
ulthin the user-s log.n data mrucrure.

The definiuuns mxk d.nng tie l~gin seq;ence gcu-aliy remair m force fm the d~atmn cf the
CCC session The potennal uses for d-u=racd,ry are extenmie and include provid,ng sh~rt
names for bcd mamos. slmphf>-mg data base n~~lgarion. pm~~dlng 10C~ dcfaulrs for ~ymh~l~
or macro pwame[en. slmpll.f~ing ac~ess controls and prcduclng repcms at Iogm urne. LTseof
i.ltiht~ macros m implement nus facdny provides a simple, common mtefi-ace. unlfmn
Ftincucmallty and ease of maintenance In ?dchncn it permits the mrmus log-in texts m m
ph: Ically dated and dlsmtwred rhoughcut tne data base hlera.rchj m a manner whlch
reflecrs [heir scepc of effect

Among the class of system m~nrenance ~[ill[) macros. rwo ax ckussed below-. The ~[lli[}
macro DEFIN-E LiSER’DS%l was de~-eloped to aummme and to consolidate the operatwn. s
-~inch must IX ~-rfet-me~ In a~thanz.ng m renlo~ m~ a CCC user. Tie macro p~,~idt~ a
promp~ed mmrface whm requem mfomrmon such-as the name and clas= of the mer. whctkcr
the user I.%to be addd or deleted. the users Iogm data structure. and ckfatilt access controls
md dara sawcture t.mts associated [hereulth. The uuhry thn executes the appropriate CCC
commands to perform die auu-mnzatmn cpemnons as well as to configure fie users
envwonment (e.g place ~ der~uh LOG IN/DShl ; nd a copy of
START_LOG1.N_SEQUENCE/DSM m the Iogln dam mucture~ As such. th.s utIllt}
corm[utes a h]gh-lctcl fadlt} unlch drdmaucdly lmpmves rhe cfflcmc} and rchzblllty of
pefi-ormmg user authonzauon operduons.

ENABLE_DShl/DSLl E the last uuhty macro co be discusd ‘n ryc conwxt of mmagement
mds lhs uIIII[y prcrildes a faclllty fix ccnirolllng the morphdogv and a~~ec~iblll[v ofd.Ir:I
>uwcrure macros which ~f neccssl!y m~sr %a~-ea h@ -- lilblli[)~ l-ngeneral. nwst CCC
:lp~ll~d[lons ~ Implemcmed a< dkC[lOn* of data muc[Jx macms Wh[ch reside Jr a high jet ~,
~ot[en at the dat~ bax Ie\el! of tie CCC d~ta baw As such. these m~cro~ arc ~-i~lele (for
execurlonj m all subordinate usem Althcwgh this high wslbmry IS deswewdc from the aqxct
of cxcmrmn accesslblht). lCofren ciwes problems when one @rmore of the nwcrm IS under
dct-eloprnenr or mochfka[mli



slow, thereby resulting in a signiilcant degradation of execution performance. Furthermore,
even after the macro has stabilizd and is no longer undergoing extensive changes, them may
exist excellent reasons for maining the archived versions.

Other problems may result from providing extensive inline documentation (as recommended in
the preceding section) for macro applications. The CCC macro language executes in an
interpreted mode, so extensive amounts of nonexecutable irdine documentation may also
degrade performance.

Finally, it is often necessary keep an old version in semice while an existing macro is
modified, or to hide a newly developed macm from the user community until such time as
verification and validation is completed. These requirements argue for a separate repository for
uncertifkd macros.

ENABLE_DSM supports the notion of separate repositories for uncertified and production-
level macros. It presupposes the existence of a CCC data structure in which macros are
developed and maintained and a Sepate partition from which they can be executed. The
developmentimaintenance partition is defined in a manner such that it is not visible to any
subordinate user. As such there is no danger that any macro which resides therein can be
executed by the user community. This partition is configured with the appropriate traits (e.g.
archiving is activated, optionally ~mpression and/or encryption am enabled) to support
development and maintenance activities.

The execution partition is located such that it is visible by the appropriate segments of the user
community. In addition, it is configured to support rapid execution (e.g, no archiving,
compression or encryption). The ENABLE JXM utility is employed to promote macros
from the development partition to t!!eexecuti6n partition and to perform simple optimization to
improve execution performance. The fmt @ority of the utility is to copy the specified
macro(s) from the development partition into the execution partition, This provides a version
of the macro in the execution partition which has the appropriate traits for fast initiation and
execution. The second act of the utility is to delete inline documentation from the macro which
is resident in the execution partition, thereby to further improve its execution performance,

The result of these operations is to provide a version of the macro in the execution partition
which is configured for rapid execution yet to retain the fully documented, multi-revision
version in the development partition. Furthermore, subsequent modifications can be made
within the development partition without disturbing the executing version, Upon completion of
the revisions, the new version can be promoted to the exemtion partition with a minimum of
disruption to the operational environment, In this manner, the project remains virtually
undisturbed and enhancements/bug fixes can lE integrated in a simple, structured manner,

Conclusions

In the preceding sections we have attempted to demonstrate the wide range ot’functionality,
flexibility and versatility which are available through the use of utility macros, By
implementing these constructs as simple building blocks from which complex applications can
be built, new levels of reliability and maintainability can h easily achieved at a relatively small
incremental cost. Often, as in the case of the BATCII utility described above, the higher level
of abstraction which is obtained through utility packaging results in innovative new
applications. In any case, establishment of a suite of robust, cohesive tools with uniform and
consistent interfaces will significantly increase overall productivity in implementing new
applications and performing daiiy operatit.ms,
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No attempt has been made to describe a comprehensive set of utility macms. Our purpose has
been merely to provide a sampling of the wide variety of useful applications that can be
implemented in this manner. Indeed, the collection of utilities which should be implemented to
support a particulm environment depends strongly on many factors including the character of
the application, experience and quinments of the user community, and the general level of
familiarity of the developers with the CCC environment. Only one generalization can safely be
mude: creation of an effective CCC tool kit will improve the flexibility and effectiveness of
your a~plications as well as the productivity of your project members.
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